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Abstract 
The basic concept in the assessment of occupant safety in a building under fire conditions is the determination of the time when occupants 
are able to safely escape before hazardous conditions sets in.  The Available Safe Egress Time / Required Safe Egress Time (ASET/RSET) 
concept of fire safety assessment in performance based fire safety engineering design has become widely used amongst fire safety 
engineering practitioners, since its inception more than thirty years ago.  However, the adequacy of this approach has only been 
occasionally deliberated on and not well addressed in detail.  Discussions were usually focused on the weaknesses and inadequacies in the 
assumptions and methodologies which impact upon the outcome of the ASET and RSET parameters, rather than on the ASET/RSET 
concept itself.  The original ASET/RSET approach was derived from a simple two-zone model for a single compartment by Cooper in 
1980, but is still being applied to larger and more complex buildings today.  This is despite the advancement of sophisticated three-
dimensional simulation models producing highly detailed results, whereby the smoke layer is no longer uniform and the extent of the area 
of untenable conditions is a transient state and may develop only over a portion of the compartment area.  The continued application of 
the ASET/RSET approach in these circumstances may lead to varied interpretation of the egress terms, leading to departures from the 
intended purpose and scope of providing the basic measure of assessing egress safety that was originally devised by Cooper.  There is also 
little published literature available on viable alternatives to this simplified means of assessing safe egress from fire that was originally 
derived from a zone model concept.  This paper provides a brief review of the ASET RSET methodology, and introduces an alternative 
means of fire safety assessment based on the utility of a given space over time.  The alternative scheme enables a dynamic approach to 
assessing the level of safety that is more appropriate for use with advanced simulation models providing transient three-dimensional 
environments in more complex building layouts. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1. Introduction 
Although analytical models for predicting fire behavior have been evolving since the 1960's (Jones, 2001[1]), the models 
that became practical for engineering applications were those that were available as a computer software from which the 
determination of fire hazard can be readily predicted.  One of the earliest was the Available Safe Egress Time (ASET) 
model (Cooper & Stroup, 1982[2]) based on a two-layer zone model concept.  The ASET model provided a good estimate 
of the time when conditions become untenable due to a fire in a single compartment for consideration in the assessment for 
safe egress.  It introduced the concept of fire safety by defining the ‘Available Safe Egress Time’ (ASET) as the time 
interval between detection time and the onset of hazard.  To assure that the building is considered safe, occupants in the 
spaces that are threatened by the fire must be able to escape within a time frame, i.e. the Required Safe Egress Time (RSET) 
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which must be less than the ASET determined for that space.  The RSET was simply considered to be the time taken for 
egress, upon being alerted of the fire.  However, Cooper did not provide any guidance on the determination of RSET.  This 
aspect was subsequently enhanced by Sime (1986[3]) by adding a coping phase, in addition to the detection and egress 
phases.  The coping phase is perhaps more widely referred to as pre-movement time, to allow for various delays prior to 
initiating egress, following the time of awareness of fire cues.  Hence, demonstrating safe egress became a task of satisfying 
the relationship of ASET > RSET for the spaces that are threatened by the effects of fire.   
With the backing of fire science and human behavioral studies, the application of the ASET RSET concept as a means of 
assessing fire safety soon emerged in Performance Based Design (PBD) guidelines (IFEG 2005[4], CoPFSB 2011[5]).  
‘Alternative Solutions’ derived from a performance based fire safety engineering design approach utilizing the ASET RSET 
method of demonstrating safety eventually became acceptable to authorities, subject to various adaptations of the guidelines.  
However, due to the nature of PBD in fire safety, much of the content in the guidelines and codes are largely processes, 
presumably to retain the core benefits of a performance based approach in arriving at the design.  The use of prescribed data 
is seen to be against the very nature of a performance based design concept, which is intended to offer the design flexibility 
that a prescriptive designed lacks.  As a result, PBD was subjected to a significantly greater level of deliberation with the 
authorities in trying to demonstrate that the level of fire safety has been achieved (Poon, 2012[6]). 
Despite its widespread use for over thirty years, the ASET RSET approach itself has not undergone any significant 
change.  Discussions on ASET RSET issues were mainly focused on the weaknesses and inadequacies in the assumptions 
and methodologies which impact upon the outcome of the ASET/RSET parameters, rather on the ASET RSET concept 
itself.  The original ASET RSET concept that was derived from a simple two-zone model for a single compartment by 
Cooper in the early 1980s, is still being applied to larger and more complex building spaces today.  This is despite the 
advancement of more sophisticated three-dimensional simulation models producing highly detailed output, whereby the 
smoke is no longer a uniform layer and that the extent of the area of untenable conditions is time-dependent and may only 
develop over a portion of the compartment area.  The continued application of the ASET RSET approach in these 
circumstances has lead to varied interpretation of the basic safe egress terms, leading to significant departures from the 
intended purpose and scope of providing the basic measure of assessing egress safety that was originally devised by Cooper.  
There is also little published literature available on viable alternatives to this simplified means of demonstrating safe egress 
from fire that was derived from a zone model concept.  This paper provides a brief review of the ASET RSET methodology, 
and introduces an alternative means of fire safety assessment based on the utility of a given space over time.  The alternative 
scheme enables a dynamic approach to assessing the level of safety that is more appropriate for use with advanced 
simulation models providing transient three-dimensional environments in more complex building layouts. 
2. The Clarification of Safety 
2.1. Fire Safety Objectives in Codes 
The conventional fire safety design practices based on prescriptive codes rely entirely on complying with the specific 
requirements laid out in the relevant clauses of the Fire or Building Code (Table 1).  In nearly all of these codes, the 
fundamental objective for occupant safety is simply to provide occupant safety, although expressed in various forms with 
different codes. The means of achieving this objective, however, are not clearly stipulated, as it is implied that complying 
with the fire safety provisions of the code is deemed to satisfy the objective.  When applying a performance based approach, 
these same fundamental objectives would need to be complied with and hence require a clear interpretation of what would 
constitute compliance with the stated objective, if the prescriptive measures are not adhered to. 
Table 1.  Code Objectives for Occupant Safety 
Country Code Root Objective or Performance Requirement 
Australia BCA[7] Safeguard occupants from illness or injury while evacuating in an emergency. 
Hong 
Kong 
CoPFSB[5] Protection of life of building occupants 
Singapore FC[8] Occupants must be able to escape to a safe place, directly or through a protected exit, before untenable conditions are 
reached during a fire emergency. 
US (NFPA) NFPA 
101[9] 
Any occupant who is not intimate with ignition shall not be exposed to instantaneous or cumulative untenable conditions. 
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The NFPA 101 offers a number of recommendations in its Explanatory Appendix that can be used to achieve its 
Performance Requirement, i.e. to avoid exposing occupants to untenable conditions: 
x Method 1. The design team can set detailed performance criteria that ensure that occupants are not incapacitated by fire 
effects (Purser, 2002). 
x Method 2. For each design fire scenario and the design specifications, conditions, and assumptions, the design team can 
demonstrate that each room or area will be fully evacuated before the smoke and toxic gas layer in that room descends to 
a level lower than 6 ft (1830 mm) above the floor. 
x Method 3. For each design fire scenario and the design specifications and assumptions, the design team can demonstrate 
that the smoke and toxic gas layer will not descend to a level lower than 6 ft (1830 mm) above the floor in any occupied 
room. 
x Method 4. For each design fire scenario and the design specifications and assumptions, the design team can demonstrate 
that no fire effects will reach any occupied room. 
The methods range from the least conservative (Method 1) to the most conservative (Method 4).  However, there is no 
recommended margin of safety proposed.  Method 2 may be considered the more widely used approach in association with 
the ASET RSET concept.  
2.2. Safety Margin or Safety Factor 
The original introduction of the ASET RSET method of assessing fire safety was more of a concept than a codified 
approach for PBD.  Since its application to building design, when considering that fire safety data has a definite significance 
in its variability, the use of a safety factor or margin to allow for the design uncertainties was warranted.   
The allowance of design uncertainties based on the ASET RSET concept may be expressed as a safety margin (ASET-
RSET>safety margin) or safety factor (ASET/RSET > safety factor).  These safety measures are used to address uncertainty 
in the data and assumptions of the analytical processes.   
Unfortunately, the required precision and availability of data on fire for many parameters are still lacking a great deal and 
the analytical techniques can be exceedingly complex, such that any attempt to undertake a variability analysis to derive 
sensible safety factors would be extremely daunting.  Current codes or guidelines on performance based fire engineering 
design do not have a clear recommendation, even with the simple ASET/RSET concept, as to what appropriate safety 
factors should be applied.  Nonetheless, regulators do insist on them, and they are usually more than one but not more than 3, 
and typically between 1.5 and 2.  
2.3. Sensitivity Analysis 
Sensitivity analysis can be used to study how changes in input variables affect the calculated result. A sensitivity analysis 
is conducted by varying one input variable within reasonable limits while keeping the rest unchanged.  Sensitivity analysis 
is useful in providing an insight into the parameters that have a significant impact on the calculated result, and therefore 
enables greater importance on providing a more reliable estimate of that variable.  A proper sensitivity analysis can set the 
basis for determining the required level of safety for the design.  However, information is often lacking and to date, 
authorities generally rely on a consensus approach to set limits which are deemed ‘sufficiently conservative’. 
Whilst useful in providing an overall ‘feel’ of the proposed solution, it does not replace the need to provide an acceptable 
margin of safety in the design. 
2.4. Redundancy 
The fire safety provisions in prescriptive codes have an indeterminate measure of redundancy built-in. The clearest 
example is that when sprinklers are provided, the fire resistance provisions may be reduced but not eliminated, although 
many tests on sprinkler controlled fires indicate that the temperatures do not exceed much more than 100°C (Schulz, 
2005[10]).  There is therefore the perceived danger that performance based design is able to provide an alternative solution 
without adequately addressing the additional safety from redundancy that is inherent in the prescriptive provisions 
(Babrauskas[11]). 
The issue of redundancy may be considered to an extent using a risk based approach to assessing fire safety (Poon, 
2012[12]).  However, the limitations associated with a risk based approach, is the lack of reliable data upon which to 
undertake a proper risk assessment.  The complex failure mechanisms due to the effects of fires and the resulting 
consequences are also temporal complexities which are difficult to incorporate in providing a reliable risk bask assessment. 
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2.5. Summary 
The above discussions indicate that an accurate means of assessing the level of safety in a PBD is not readily definable.  
Except for relatively direct assessments, such as structural analysis, the level of safety for a phenomenon such as fire safety, 
is considered too complex to be able to determine accurately.  Nonetheless, the ASET RSET approach has been able to 
remain an acceptable form of assessment which appears to represent an identifiable means of meeting the root objectives of 
the fire code.  Until levels of safety for fire assessment can be better assessed, allowances for safety in design will have to 
be in negotiation or by compliances with the requirements of the authorities. 
3. The ASET RSET Approach 
3.1. General Concept 
The ASET RSET method of demonstrating occupant safety is a simple time-based approach for which the two 
parameters are dependent upon a number of key variables as shown in Fig. 1 (Poon, 2007 [13]).  Safety is defined by an 
assessment against an agreed set of acceptance criteria which are largely expressed in terms of the tenability limits to 
occupants who may be potentially exposed to the effects of fire. In simple terms, if the occupants can be shown to escape 
the effects of fire with an acceptable margin, the solution is considered to have met the relevant Performance Requirements 
(Table 1). Since the tenability limits of occupants do not vary greatly, the range of acceptance criteria is relatively consistent.  
A minimal set of acceptance criteria for tenability limits may be as follows: 
• Smoke temperature above 2.1m < 185°C (2.5kW/m² radiation limit) 
• Smoke temperature below 2.1m < 60°C 
• Visibility in smoke below 2.1m > 10m 
The above covers the requirements for safety against hazardous exposure to the effects of fire and the ability to safely 
negotiate the egress path to a place of safety.  
The fire engineering analytical process typically involves assessing the fire development, smoke spread and occupant 
evacuation and the outcome is assessed by incorporating an ASET/RSET timeline comparison based on the tenability limits 
specified in the acceptance criteria.  The ASET/RSET acronyms are defined as follows: 
ASET = Available Safe Egress Time (time to untenable conditions) 
RSET = Required Safe Egress Time (time to evacuate building) 
The ASET is determined from the time the effects of fire reach the tenability limits prescribed in the acceptance criteria. 
The RSET is determined from an analysis of the time taken by occupants to safely escape from the effects of fire. Hence, 
the assessment of the acceptance criteria is ultimately made on a relative basis that occupants can safely escape from being 
exposed to untenable conditions from the effects of fire, ie ASET > RSET. This approach has been generally considered to 
achieve the relevant Performance Requirements (with an applied safety allowance) and therefore the corresponding 
Objectives and Functional Statements of the Fire Code.  
 
Fig. 1.  Dependent variables affecting ASET and RSET (most significant variable shown in bold) (Poon, 2007 [13]). 
3.2. Limitations  
Babrauskas (2009 [14]) clearly expressed a number of limitations associated with the ASET RSET concept.  His main 
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fire and occupant behavior in the assessment.   Whilst those deficiencies remain true, the use of credible ‘worst case 
scenarios’ in the fire safety analysis help diffuse the need to undertake a probabilistic (stochastic) assessment of fire safety.    
In this paper, however, the main emphasis on the limitation of the ASET RSET approach to be addressed is that the 
conditions on which it was developed, i.e. based on a two layer zone model, may no longer be appropriate with the use of 
modern three-dimensional fire simulation and occupant movement models.  The original ASET RSET concept was 
effectively a one-dimensional approach, as conditions were assumed to be uniform over the room and hence there was no 
benefit to consider the specific location of the occupant anywhere in the room.  All occupants will have to evacuate from the 
room before untenable conditions set in, which is a uniform occurrence across the entire room. 
Modern simulation models are now able to provide the fire conditions at all locations in the building as a function of time.  
Hence the definition of ASET as to when conditions are ‘untenable’ for safe egress from a ‘room’ perspective is no longer 
clear and becomes subject to interpretation.  Similarly, the location of each individual occupant along the path to an exit can 
now be tracked as a function of time, such that it is possible to safely remain in the vicinity of the fire within a tenable area 
which is not hazardous to the occupant.    
This paper attempts to adapt the widely accepted concept of the ASET and RSET approach to expand its application to 
take advantage of the more detailed output from which current models are able to provide.  The following section explains 
the desired features for an improved assessment approach to determine fire safety. 
4. Desired Features 
4.1. Design Objective 
All fire safety design solutions must meet the stated objectives of the code (Table 1).  Whilst different codes define safety 
in different forms, the essential objective is perhaps best expressed by NFPA 101, which is ‘Any occupant who is not 
intimate with ignition shall not be exposed to instantaneous or cumulative untenable conditions’.  The delineation of 
occupants ‘intimate with ignition’ was intended to exclude occupants who are very close to the fire and unlikely to be able 
to avoid hazardous exposure, irrespective of what measures can be provided.  However, the objective statement correctly 
implies that egress is not a necessary action, provided that the occupant is not exposed to untenable conditions.  This is 
exemplified by Methods 3 and 4, which are solution scenarios that do not require evacuation of the occupants, and are in 
fact much more conservative (and hence safer) solutions. 
As mentioned previously, Method 2 is closest to the ASET RSET concept, whereby safety is assured by demonstrating 
that the occupants are able to evacuate from the effects of fire.  An important distinction for Method 2 is that it refers to a 
room or area from where occupants need to evacuate from.  However, it still refers back to a room when considering the 
smoke layer height, due perhaps to the analytical constraint associated with zone models. 
Method 1 is less desirable as assessment of incapacitation is still relatively difficult to determine accurately.  The 
proposed design approach is therefore a modified Method 2, but still meets the NFPA design objective to not expose 
occupants to untenable conditions.   
4.2. Large and Long Enclosures 
In buildings where there are large open spaces, such as an airport, the compartmentation requirements are often exceeded 
although automatic sprinklers are usually provided.  When modeling the effects of a sprinkler controlled fire, the smoke is 
not likely to reach the full extent of the compartment.  The egress times, however, would be correspondingly large when 
considering the entire airport and when applying the ASET/RSET safety factor, would lead to quite onerous ASET values.  
For example, if the required safe egress time (RSET) is calculated to take 60 minutes to clear the airport, then the available 
safe egress time (ASET) will need to be designed to be at least 120 minutes for a safety factor of 2.  For a value of ASET 
this large, the design may often require a steady state condition, i.e. smoke is kept above the limits of the tenability criteria 
indefinitely. 
For long and narrow enclosures, such as an aboveground train station platform, the overall length of the occupied space 
may be over a hundred meters long.  The area of untenable conditions due to a fire in these structures may be relatively 
extensive but again not necessarily reach the full extent of the compartment.  However, if considering that the entire area is 
to be evacuated, a relatively large ASET would be required. 
The above two situations lead to a consideration that safe egress from the effects of fire may still satisfactorily achieve 
the performance objectives for occupant safety, in realistic situations where the effects of the fire do not fully extent to the 
entire area.   
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4.3. Steady State Solution 
Often, with large building spaces or in situations where the egress times are long, the demand on the smoke design is 
such that a steady state solution to achieve tenable conditions is inevitable.  It would appear that if a steady state solution 
can be achieved to provide tenable conditions indefinitely, the egress time may no longer be relevant, since the conditions 
do not become tenable.  The steady-state solution also meets the more onerous performance requirement for occupant safety 
of Method 3 in NFPA 101. 
The exception to the above is when steady state is only achieved when the untenable conditions spread over a relatively 
significant portion of the area but does not extend further.  For this case, egress needs to be considered to determine if the 
extended area of untenable conditions has any impact on the safe egress of occupants.  If can be shown to be safe, a steady 
state solution would be considered more conservative even if large areas of untenable conditions exists which do not impact 
on safe egress.  This is because the tenable areas for safe egress are maintained indefinitely. 
5. Dynamic Tenability Analysis 
5.1. Introduction 
With any fire simulation, there will be an area of untenable conditions which will persist around the fire location.  In 
some cases, spot areas away from the fire location may also become untenable due to obstruction to the ceiling jet flows 
caused by beams or walls.  If the area of untenable conditions is relatively small to not affect the evacuating occupants, it 
may not require further consideration.  However, engineering judgment is often exercised to determine when the size of the 
untenable conditions area is acceptable or not.  Nonetheless, it should be clear demonstrated that these areas of untenable 
regions do not obstruct egress or are exposed to the occupants, in order to comply with the Performance Requirements in 
Table 1.   
5.2. Dynamic Safety Assessment  
In achieving the design objective of not exposing occupants to untenable conditions, a slightly modified form of NFPA’s 
101 Method 2 shall be adopted as follows: 
For each design fire scenario and the design specifications, conditions, and assumptions, the design team can demonstrate 
that each room or area will be fully evacuated before the smoke and toxic gas layer in that room area descends to a level 
lower than 6 ft (1830 mm) above the floor. 
The above modification achieves or clarifies the following: 
1. The archaic zone model constraint on a room-based smoke layer concept is removed as modern simulation tools 
are able to provide much more refined 3 dimensional results. 
2. Evacuation only needs to move away from the untenable area, whilst in the process of exiting the room, but still 
meets the Performance Requirement for safe egress.  
The proposed design objective still meets all of the code objectives listed in Table 1.  However, the important distinction 
here is that the tenability conditions and accessibility for egress are expressed on an area basis, rather than a room basis.  
Movement of occupants away from the untenable areas is emphasized, rather than requiring an exit time.  Accordingly, it 
may be appropriate to replace the ‘Egress’ term with ‘Utility’, and hence the assessment rule becomes: 
 
Available Safe Utility Time (ASUT) > Required Safe Utility Time (RSUT) 
 
As per ASET, the ASUT represents the time to untenable conditions, except that it now represents the utility of an area 
which is safe to use, rather than for the entire room.  Similarly, for RSET which is the egress time from a room, is replaced 
by RSUT which is the time for which the last person can safely use the area for egress.  Although the changes appear subtle, 
the benefits are significant. 
However, it is important to note that when considering the assessment of egress and tenability on an area basis, the 
conditions of the environment are in a transient state.  It is therefore important to extend the fire simulation until either 
steady state conditions has been achieved or all of the occupants have been safely evacuated. 
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5.3. Case Example 
Consider the following example of an aboveground station platform, demonstrating the egress movements (shown 
overlain over the station platform in Fig. 2) with the temperature contour at 2m high at various time steps, until steady state 
conditions were reached (t > 500s).  The 15MW fire is located at the second carriage from of the left of the train at the upper 
track, with wind blowing into the station from the north face.  The limit where the temperature exceeds 60°C has a thin 
black border around the untenable region.  Egress from the platform of 4500 occupants is completed at 500s. 
 
Fig. 2.  Egress and temperature limits at various time steps for an aboveground station platform (ASUT > RSUT). 
The above results show that occupants were able to move ahead away from the effects of the fire as the area of untenable 
conditions from the fire expands (i.e. ASUT > RSUT) until egress was complete and the fire conditions reached steady state 
(at t=500s onwards).  There is a clear distance between the limits of tenability (black border around fire) and the perimeter 
outline of the occupants queuing at the exits.  However, the measure of safety for the ability of the occupants to avoid 
exposure to the effects of fire is not readily apparent, although it may be envisaged to be more than one.  A safety factor rule 
of 2 may be applied by comparing the times at various temperature limits at half the timeline of the egress limits, i.e. 
ASUT ≥ 2×RSUT as shown in Fig. 3.  
 
Fig. 3.  Egress and temperature limits at various time steps at 2x safety factor (ASUT > 2×RSUT). 
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The results indicate that the safety factor is close to 2 since the limits for ASUT/2 and RSUT are in ‘close contact’ in the 
200s slice for fire overlain with the 100s slice for egress.  However, the safety factor is much more than two at other times. 
As mentioned previously, with long egress times, it may be more appropriate to consider a safety margin as opposed to a 
safety factor when assessing dynamic timelines for both egress and fire.  The reason is apparent when comparing a timeline 
reduced by a factor (say 2) rather than reduced by a margin (say 200s).  In Fig. 3, the timeline for egress is reduced by half 
when assessing for a safety factor of 2.  If effectively assumes that occupants are moving at half the speed of the fire 
development.  However, when allowing for a safety margin, this anomaly is avoided, and one only needs to provide a delay 
in the occupant movement time.  Allowing a safety margin of 200s, the following results are shown in Fig. 4. 
 
 
Fig. 4.  Egress and temperature limits at various time steps 200s safety margin (ASUT > RSUT + 200s). 
Again it would appear that the safety margin is close to 200s, as the limits are in ‘close contact’ in the 300s slice for fire 
overlain with the 100s slice for egress.  As per the previous example, the safety margin is greater than 200s for the other 
times. 
6. Summary 
The conventional ASET RSET approach to assessing fire safety, introduced more than 30 years ago, was based on a 2-
layer zone model concept.  Hence the times to untenable conditions can only be expressed on a per room basis, and the 
corresponding assessment of fire safety by comparison against the evacuation times is also taken on a per room basis.  The 
ASET and RSET terms that were introduced were therefore based on a per room basis.   
Code objectives from various countries invariably require that occupant safety must be provided in order that occupants 
can safely egress from the building.  However, interpretation of the ASET RSET rule to meet the code objectives can be 
misleading into requiring that an area or room must be untenable in order for occupants to safely exit the building.  This 
inevitably forces the requirement that the RSET time to be taken as the time for the last occupant to reach a fire exit and the 
ASET time to be sufficiently controlled to a relatively small area to not impact on egress.  This interpretation becomes 
irrational when considering large spaces such as an airport terminal where the total evacuation time may require at least an 
hour but the time to untenable conditions when applied in the room of fire origin will occur within a few minutes. 
Based on the above ambiguity in the application on the ASET RSET in interpreting compliance to the Code Objectives, a 
simple amendment to the ASET RSET concept is introduced, to remove the area of assessment to be taken on a per room 
basis, whilst still retaining the means to satisfy the fundamental code objectives for safe egress.  This change removes the 
focus away from ‘egress of a room’ to ‘utility of a space’, i.e.  
 
Available Safe Utility Time (ASUT) > Required Safe Utility Time (RSUT) 
 
where  ASUT = Available time for the area to be safely utilized for egress.   
This is the time when the area becomes untenable. 
and RSUT = Required time for the area to be safely utilized for egress.   
This is the time when the area is last used by an occupant. 
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The benefit of this simple revision allows designers to take into consideration the detailed information from more 
advanced simulation models.  In addition, it avoids the need to make a unclear judgment as to when the extent of untenable 
conditions would constitute failure in meeting the Performance Requirements. 
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